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PREFACE. 

The following paper is an account of the operations carried on at 
tlic Experimental Sullagc Earm at Lyallpur from the time of their com- 
mencement at the end of 1917, by Mr. Wilsdon, the then Agricultural 
Chemist, upto June 1924. 

Full agricultural data aud chemical data is given together with 
criticism.^, and finally conclusions arc given which have been arrived 
at alter six and a half years’ work. The agricultural operations have 
been conducted with the assistance of the Professor of Agriculture, 
Mr. K. E. Stewart, and the late Professor of Agriculture, Mr. Roberts. 


P. E. Landek. 




The Experimental Sullage Farm, Lyallpur. 

[Rccehtd Jot p\i,blicalion on 1st StjAember 1024,) 

The Experimental Sullage Farm at Lyallpur owes its origin to the 
fact that the town drainage system is situated so close to the Lyallpur 
Agricultural College that considerable nnisance from smell is expe- 
rienced. In 1917, proposals were considered for removing the sullage 
water from the city to a greater distance both from the city and college, 
and it was decided, amongst the Director of Agriculture, the Agricul- 
tural Chemist and the Sanitary Engineer to Government, that the Agi i- 
cultural Department should undertake experimental cultivation with 
sullage diluted with canal water with the object of obtaining results 
which might be useful not only in designing the Lyallpur drainage ex- 
tensions but also have application to other towns. It was hoped to 
obtain knowledge of the most economical dilution for the application 
of sullage to agricultural lands. With a clearer knowledge of the fac- 
tors influencing this figure it should be possible to decide the most suit- 
able area per thousand of population which should be taken up for 
sullage disposal. It might also be possible to state the most profitable 
conditions of working where a municipality can supply continuous de- 
mand for irrigation water charged with sullage either from its own pump- 
ing installations, or by arrangement with the Irrigation Department. 
Lcsidesthe gaining of knowledge of these practical aspects, it was hoped 
to obtain valuable scientific data on the influence of concentration on 
tile biological processes involved in the nitrification of the organic subs- 
tances contained in sullage. Unfortunately certain factors which will 
be pointed out later have seriously mitigated the possibility of deduc- 
ing accurate quantitative results, and only generalizations have been 
possible owing to the varying strengths of the sullage water from time 
to time. 

Some very interesting results have nevertheless been obtained, 
and further light thrown on the important subject of nitrification. The 
Lyallpur Municipality agreed to place about tw^o acres of uncultivated 
land at the disposal of the Agricultural Department for the purpose, 
hilt it was soon discovered that this land had certain serious drawbacks 
owing to its great unevenness in fertility. This was in some measure 
due to the fact that a part of the land was the site of an old slaughter 
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house, which would naturally give a higter fertility in its immediate 
neighbourhood. In work of this kind a fairly even "‘base line” of uni- 
from fertility is to be desired if accurate conclusions are to be drawu 
from the agricultural and chemical data obtained. 

However, on the 29th November, 1917, the Sanitary Board gave a 
grant of Rs, 1,350. A pair of tanks ’ivas constructed by the Agricul- 
tural Chemist, the plan of which is shown in the accompanying 
Fig. I. The tanks A and B were constructed as pair, each with 



splayed brick pitched floor and sides. A brickw^ork mixing sump with 
vertical walls w'as built between the tanks and connected to them by 
pipes controlled by valves. S ullage water was run into tank A and 
canal water into tank B, and the tAvo liquids w*eic run into the mixing 
tank in the proportions desired. Some trouble was experienced from 
the leakage of liquid from one tank to the other, tending to vitiate the 
experimental value of \vork. 

To lift the sullage from the tanks a haiid-pow'er chain-pump, made, 
by the Empire Engineering Company of Cawmpnre, was fitted. With 
this apparatus 7,000 cu. ft. were lifted an average height of 6 ft. in 19 
net working hours by four men. Including stoppages and rest for men 
employed, the gross working period w^as 3| days. While working, the 
pump lifted 5-0 cu. ft. per minute. Two men at a time were required 
to work the pump. The area irrigated in this manner was 0-45 acre 
and the pump men w^ere paid one rupee a day, so the cost of irrigation 
w^oiked at 4x3|xl-h0*45=Rs. 31 per acre for one watering about 4 
inches deep. 

As the working of the chain-pump proved laborious, expensive and 
slo\v, it w’as removed, and a second-hand direct- coupled Crossley petrol 
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engine and centrifugal pump was fitted up in a shed by tlie ganitary 
Board in 1920 at a cost of Rs, 224.'8. 

This plant worked for about a year when it liad to be discarded as 
worn out, it was obsolete in design and spare parts were imobtainalde. 
It was sold by public auction for Rs, lul and was replaced in 1921 by 
5 B.H.P. Fetter Junior kerosine oil engine with belt drive to a 3" 
Standard ” nncbokablo centrifiifral pump, output 130 gallons per 
minute at 1,350 revolutions per minute. 

The Sanitary Board gave a grant of Rs. 3,401 for this work. 

The pump when first put to work gave a discharge of 196 gallons 
per minute instead of only 130. Rs. 3,063 were actually spent on the 
pumping plant, and the balance was utilized by the Agricultural Chemist 
in the purchase of seed. 

By the aid of this installation the elfect of various methods of appli- 
cation could be tested by cropping and at the same tim(^ some degree 
of control exercised over the biological and chemical reactions taking 
place in the soil by methods already worked out. ‘ 

The original laying out of the land is shown in Fig. II with 29 
plots. The work was started at the end of 1917 and owing to the very 
uneven fertility of the land three crops were grown on it, in order, if 
possible, to reduce tbe margin of unevenness. Table I. shows the yields 
from each crop from which it will be seen that the land was still by 
no means of even fertility. The variation of the yields is indicated for 
each plot, with fertility contours drawn in as sho\vn on the diagi'am. 
It will be seen that the fertility rises to an extraordinary extent in the 
direction of the old slaughter house, at the spot marked " X 

It did not appear po,ssiblc at this tiiiie to level up the fertility of the 
ground by exhaustive cropping, and consequently the e.\])eriments were 
started in the rahi of 1919 with the application of siilUgc in 
various stages of dilution. It has since transpired that there are. 
some errors in Table 1 giving average yields and in the contours 
of average cropiping power of the plots. The area of pilots Nob, 25 
to 29 should have been 0-15 acre instead of 0’2274 acre, and in 
the contour map the figures for plots 11 and 28 should have been 1*76 
and M3 instead of TTOand 1-47 respectively even wlien the correction 
for the area of plots 25 to 29 is not ap-jilied. The general trend of 
contours, however, remains unaltered after the correction of error 
for area. It has been considered best to give the original table as it 
has appeared in tbe annual report for the year in question (1918-19) 
and also to recalculate the table for the correction mentioned, 
table 11 (revised) also shows the rearrangement of the plots 
from 1 to 24 which were originally too small for carrying on 
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the agricultural operations, as well as introducing an error due to 
percolation. The rearrangement was made in the beginning of 1922 

(Fig. HI). 



Fig. il[. The Lyallpur Sjllage Farm, 
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Table II thus shows us the particulars ol the old plots, with their 
relative fertilities and the manner in which they were rearranged for 
the new series. 

It may be permitted to anticipate here and refer to Table VIII 
cotn piled as a result of growing a wheat crop under canal water alone 
in the years 1923-24, in which the fertilities of these same plots are cal- 
culated from the relative yields of total grain and straw of the crop 
after several years' treatment, and can readily be compared with the 
originals. Comment will be made on these later. 

Inspite of the aforesaid irregularities, work was started in accordance 
with the original raison (Vetre of the farm. Wheat was soAvn on all 
the plots in October 1919 and the application of sullage was commenced 
in various stages of dilution with the canal water. The crop suffered 
considerably from lodging especially in smaller plots with full sullage 
and this tended to make the results of the yields less satisfactory. 
Wheat treated with sullage of any marked strength seems particularly 
prone to lodging, although there was no particular correlation between 
the degree ot lodging and the treatment received. 

The total nitrogen so added has been recorded and the changes of 
total and available nitrogen in the soil periodically examined. Three 
concentrations of sullage were employed, cu's., “ full ” 50 per cent, and 
25 jier cent, on one set of plots in addition to the canal Avater used on 
the control plots and on the other 75 per cent, stillage was applied also. 
Tables III and I1I(«) show the yields of wheat obtained, which have been 
com])are<l with tliose obtained in the last season. It will be seen that 
I here is no marked difference in the yield.s so f<ar, and the land is still far 
Irom even. The amounts of the yields in the similarly treated plots 
coin|>are<l wdth tho.se obt.aijied in the previous year afford some 
indication of the results of the treatment of sullage. This is shown in 
Table l[l{rt) from which it w'ill be seen that the lowest yields are 
obtained in all cases from the plots treated with full sullage. The 
figures were not sufliciently reliable to justify us in forming any opinion 
of tile mo.^t effective concentration of sullage so far, but the results 
indicate that a concentration of 75 per cent, sullage gives the best 
results. 

Table IV gives the results for the fluctuations in nitrogen and these 
are reproduced graphically in Figs. IV and V. 

The explanation of the diagrams is as follows : — The nitrous and 
nitric-nitrogen curves show the absolute amount in lb. per acre in the 
to]) 18 inches at any particular date, while the thick black total nitrogen 
difference curve is the excess of total nitrogen over the minimum figure 
in any month and simply shows the fluctuation of total nitrogen. The 
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f.otal nitrogen applied to the plots calculated on an acre works out as 
follows : — 

Full sewage lb. pur acre. 

Half sewage . • * - • ■ 41*05 „ „ ,, 

Quarter sewage 

Canal . >» » 
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Total l\/ilrogcn applied- 


Total hiilro^cTi ajupliciL 
Ih. per' aort 


[n tile I^aine taUe is given tlie concentration of total nitrogen in 
mg. Iter lOO grin, of soil. It will ha seen tliat there is no corn- 
w|)oiuitng inereiise in the total nitrogen in those plots which rocemj tlu; 
he.uiejil apjilieatkms of sullage. Thg fjgure.s for available nitrogen 
are. however, more instructive. It will ho seen from tiie diagra)n tliat 
after the point where a second application of manure wiis given in Fi'li- 
luaiy lapid denildiication has taken place, this being most rapid in tin* 
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plots receiving full and half sullage. Thure is no corresponding fall 
in the nitric-nitrogen in the plots treated with weaker solutions. It 
appears probable therefore that the excess of organic matter applied 
with sullage at this point in the growth of the crop brings about 
denitrification which is probably responsible for the diminished yields. 

The wheat crop from which these conclusions \\ere drawn was fol- 
lowed by cane sown in March 11)21. Sugarcane was selected because 
cane takes a greater number of waterings than wheat and thus was ex- 
pected to bring into prominence the dili'erence in the elfect of sullage 
and its dilution. But the- engine and the water lifting pump broke 
down in May thus preventing any mixing operations, and consequently 
only canal water was able to he applied to the crop, which was therefore 
a non-experimental one. At this period also the su])ply of canal water 
to the experimental farm was most unsatisfactory, just at the dry and 
hot period when it required it most, and tlie crop suflered severely on 
that account. No attempt was therefore made- to tabulate data and 
the crop was handed over to the Prof(;ssor of Agi'iculture in November. 

A cropping scheme was now drawn up which woidd ensure an alter- 
nation of crops and also enable the land to lie fallow for certain periods. 
Fig. Vllf shows the actual sequence followed. 

We may now proceed to consider the results from these crops, which 
followed on the installation of the new pumping engine. Dealing first 
with tim crops in the first half of the selumie lalving us u]> to tlu^ end of 
June 1923, full details as to yields and waterings are shown in Table V, 
and Figs. VI and VII show tlu^ details of the total nitrogen in the 
soil during the course of the ti'ials, the nitrogen ol the canal and sullage 
irrigations, the nitric-nitrogen in the soil and the yield of green fodder 
in maiinds per acre. From this table Ave note tliat the highest yields 
are given by plots receiving full sullage water, after taking into con- 
sideration the relative fertilities of the ])lots. It will be noted that the 
relative fertility rises from plot 1 to 0, but the }uel(Js, nevertheless, run 
in the opposite direction in the order of the strength of the sullage water. 
Plot 6 was non-experimental. 

In the second crop g^o^vn in Block A the oO ])er cent, sullage, how- 
ever, did not give so high a yield as the 25 per cent. This may be ex- 
plained by the varying strength of the sullage from time to time, as we 
note that the total nitrogen added to the soil in tlie castj of first crop 
was at the rate of 21 lb. ])er acre with the 50 per cent, sullage and 13*03 
with the 25 per cent., whereas vuih t lie s(‘cond crop the cori'esponding 
figures arc 27*1 and 22*7 although the actual yields do not run strictly 
parallel with these figures. On the whole the various yields in the 
second were lower than in the first, in spite of a somewhat greater total 
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nitrogen content in the irrigations with the exception of the full 
siillage. 

It ifl interesting in this coimeotion to note, how'ever, that the total 
nitrogen content of the soil steadily rises from August to September 
as seen in Figs. YI and YU. 
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These nitrogen content curves are very interesting as showing in all 
the plots a certain uniformity of rise and fall as the season progresses, 
and it is instructive to note that the increase or decrease of the total 
nitrogen content of the soil is out of all proportion to that contained 
in the irrigation water, there being fluctuations In tlie total nitrogen coiv 
tent of tlie soil from 050 to 1,300 ib. per acre. A reference to the curves 
also shows that the lowest figure for the total nitrogen is proportionate- 
ly higher on these plots which had received sullage and the diifereiice 
runs more or less parall(‘l to the. concejit rations. In view of tliese wide 
variations in the natural fliictnationis of the nitrogen in the soil, it 
is extremely difticult to definitely correlate yields with tlie concentra- 
tion of the sullage itself which varies within such wide limits. It 
would appear that conclusions as to the use of sullage water can best 
he drawn from the yields of mucli larger plots, and of a greater degree 
of uniformity than tliis land presents, but the general indication 
from the maize fodder crops is that full sujlage is best in this 
case. 

As this crop, liowever, is a short time cruy), and is ready for use after 
about 2 months after only three irrigations, a too hasty conclusion must 
)iot be drawn. 

Bloch B. Maize a)id vegetables. A maize crop was sown on this plot 
on 3rd May and was gathered on fith duly, 1922, Full details are given 
in Table V and Figs. VI and VII. 

In this case the full sullage was given to the richest plot, being the 
reverse of the apydioations in Block A, where the full sullage was given 
to the plots of lowest fertility, and we still find that the yields run 
I'arallel with the strength of the sullage added. The curves show much 
the same general features, with tlu; exception of the fact that, while 
in plots 7. S and 10 the total nitrogen in the soil rises in August and falls 
m tSeptemher, the reverse occurs in plots 9 and 11. It is difficult to 
e.vplain this anomaly, and again the natural fluctuation of the total 
nitrogen content of the soil is out of all proportion to that added in the 
irrigation water. In trials on other Lyallpur soils the same fluctuations 
in the total nitrogen content have also been noted from month to month, 
and at Rothamsted extremely large fluctuations have also been noted 
from day to day and even from hour to hour. 

These variations hence render an accurate interpretation of the effect 
of sullage water a matter of great difficulty. 

Trials on vegetables. After this maize crop was gathered, the land 
was prepared for vegetables which were sown early in September. 

The vegetables grown were: — Qauliflower, turnips, raddishes, spi- 
nach and carrots. 
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It is not easy to compile accurate results from small pieces of land 
of the yield of such crops as these, especially as they are not all gathered 
at the same time. As far as has been possible, however, Table VI 
shows the results calculated to the acre, in yields, relative fertility and 
total nitrogei] a<hled. 

It is practically impossible to draw any conclusions or correlation 
fietween the yields and the analytical figures for the added nitrogen. 
It was noted, however, that full sullagc water T!.’as detrimental to car- 
rots and turnips, causing tlicm to rot, burst and acquire a bitter taste. 
Full sullagc water appeared to suit the other vegetables quite well. 

The curves of nitrogen contents are shown in Figs. VI and VIII 
(September to November) and the same remarks hold good as were 
mentioned for the maize crop. 

We have seen that maize is a crop w^hich is perhaps best suited to 
receive applications of full sullage water, and it w^ould be interesting at 
this point to consider, from the number of waterings and the amount 
ajqdied at each irrigation, the volume of sull age water required per acre 
ol maize, and also, basing our figures on those obtained from the Lyall- 
pur water, to calculate the total nitrogen figure. 

In our experiments the juirnber of waterings given per maize fod- 
der crop was four representing 189,099 gallons per acre, spread over 
two months, and in this sullage water the concent, ration of total nitro- 
gen varied from 0 01 9 grin, of total nitrogen to 0-059 grm. jier 1,000 
c.c. of water, giving us a manurial value of from 9 to 28 lb. of nitrogen 
per acre ])er irrigation in the case of the maize crop, these being the 
average figures obtained from the Lyallpur full sullage. 

For wheat this is too lilgh a concentration as lodging is the result, 
and the best concentration as far as one has been able to judge is one* 
qiiartoT of the aliove figures calculated on three or four w’aterings. 

In the case of vegetables full sullagc was beneficial to cauliflow^er 
and .-ipinach which received eight waterings and consequently double 
the aliove figiire.s apply in this case. 

For imdergroimd vegetables full sullage is not suitable in the 
strengths as recorded, and 25 per cent, appears to produce the best re- 
sults. 

It is regretted that no reliable figures have yet been obtained Irom 
cane owung to tho failure of the crop about which further comment will 
be made later. 

hollowing tho vegetable crop on Block B, another maize crop was 
sown in April and gathered in Juno 1923. The results showing the cal- 
culated yield per acre and amount of nitrogen added in the various ap- 
])lications of sullage ore shown in Tabic VIT. We note that the plot 
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receiving fuU siillage water gives by far the greatest yield, thus con- 
finuing previous observations. The total nitrogen added during the 
course ot the trial corresponded to 89’ 05 lb. per acre. The figures for 
the nitrogen added to the two canal water plots are considerably lower, 
but the yields from the control plots show no consistency with the yields 
from 25 per cent, and 50 per cent, sullage water plots where nitrogen added 
works out to 31-28 and 17-18 lb. per acre respectively. These facts, 
as pointed out before, render a quantitative interpretation very diffi- 
cult, and almost prohibit conclusions being drawn. Having dealt with 
the crops on the first half of the scheme as above mentioned during which 
sullage water was applied, the .second half deals with a cane crop sown 
oil Block A in March 1923 and gathered in October 1923, and a succeed- 
ing wheat crop sown in November 1023 and gathered in May 1924. 
This latter crop was grown on the whole farm. In Block B one maize 
crop preceded wheat but was spoiled by heavy rains and declared non- 
experimental. 

The cane crop unfortunately did not germinate well and later on was 
badly attacked by white ants, vitiating the crop trials from an ex peri - 
ijK'.ntal point of view to such au extent that it was not considered worth 
while to keep any records. The crop was accordingly handed over to 
the Professor of Agriculture to be fed as fodder. 

The wheat crop. Only canal ^vater was applied, as at this stage 
it was thought advisable to obtain some knowledge of the state of the 
relative fertilities of the various plots, after their treatment with sul- 
lage. Full details arc given in Table YIII which gives the calculated 
yields per acre from the various plots both for grain, straw and total 
[)io(luce. If we examine this table the residual effect of previous ap- 
plications of full sullage does not manifest itself in a pronounced in- 
crease of grain. The highest yield of grain shows itself on the 25 per 
cent, and 50 per cent, plots, the full .sullage plots come next, while those 
plots which had received canal water throughout come lowest with an 
average yield of from 18 to 20 mds. per acre. Turning to the yield.s 
of straw the highest yields are again given by the 50 per cent, and 25 
per cent, plots in Block A, but by full sullage plot in Block B, where the 
richest plot had been receiving the full sullage. The canal water plots 
come last. 

The conclusion that might possibly be drawn from these figures, 
taking into consideration the previous lodging effects noticed with full 
sullage water and considering that these figures are the result of the 
residual effect of previous applications, is that 25 per cent, or at most 
1)0 per cent, sullage as represented by the concciitTations ol the Lyall- 
pur water should be applied to a v\ heat crop. 
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Ferdlity figures. On tlic basis of these yields an aiteiupt iias been 
made to plot the relativ^e fertilities of the various plots, and compare 
them with those given for the plots before the experiment was stalled, 
In Tabic IX are given the old and new fertilities of the plots derived 
from the yield of grain and straw combined and for grain and straw 
separately. Taking the plots which have throughout received car\al 
water only, there is a general tendency for the land to become poorer 
with the exception of two cases, but it must be re.jnembered that no’ 
manure of any sort has been applied to these plots during the course 
of the experiment. 

The two plots which have received full sullage water show opposite 
results similarly the two 50 per cent, plots. The two 25 per cent, 
plots show a slight increase of fertility in each case, but it mil be ob- 
vious that the figures are of such a nature as to preclude the possibi 
lity of drawing any hard and fast conclusions. 

Conclusions. 

For reasons which have been recounted, tlie ^iresent sullage farm is 
not entirely satisfactory, its uneven fertility and small size tending to 
militate ag<ainst obtaining as accurate results as might be wished. 

Some very interesting results have, nevertheless, been obtained on 
crop results, and also in connection with the phenomenon of nitrogen 
fixation. It has been found that the natural fluctuations in the total 
nitrogen content of the soil even over short periods of time are out of all 
})roportion to the nitrogen which has been applied in the sullage watei'. 
Improved crop yields would, therefore, not appear to be the result merely 
of an increased application of nitrogen over that contained in the canal 
M^ater, but might also be considered to depend on certain accessory fac- 
tors which the sullage water furnislies and which with a little stretch 
of the imagination could be placed in the same category as the well- 
known accessory food factors so important to animal life. So far m) 
detailed investigations have been made on the micro-organisms of the 
soil of the sullage versus canal ^vater treatment, but it is hoped with 
the extension of the Bacteriological Department that work in tin? 
connection may be carried out. 

AVheat appeal's to be unsuited for treatment with sullage owing 
to its great tendency to lodge when growth is forced, as the sullage 
w^ater always tends to increase vegetative growth, and is thus most suit- 
able for those crops where a heavy vegetative growth is required, such 
as in fodder crops. "WTienever heavy dressings of manure, both arti- 
ficial and oilcakes, are applied to "wheat the crop generally lodges and 
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yields are accordingly lowered, and only very weak appliratioua of .sul* 
iagc can be applied without producing this effect. 

The crops best suited for treatment sullage are green fociders, 
vegetables and sugarcane, where a forced vegetative gro^xth is re(]uired. 

Maii5e does very well and can occupy the ground from A])ril till 
October during which time three heavy crops can be obtained. It can 
then be followed by winter oats. This would a])pear to be one of the 
best rotations for the use of siilkge water, 

Underground vegetables tend to crack and burst when grown on too 
rich a .soil, or with too heavy an application of manure, and thi.s elTect 
is brought about with sullagc water except when in great dilution. 
This was particularly noticed iit carrots and tui'ni[^s. which moreover 
Required a somewhat unpleasant taste. On the other hand, those vege- 
tables such as cauliflower and spinach who.'^c edible portion i.s above 
ground are improved both in condition and yield by sullage water. 

Thick sugarcane has not so far done well on the farm, one of the 
main difficulties being that this crop must be grown where a jdenty 
supply of water is available in order to apply water every six days or 
so which is not practicable on the present site except for the full sul- 
lagc, but with care and attention there is no reason why it should not 
be grown successfully. Very good crops are grown on sullage at Amrit* 
sar. It requires heavy manurial treatment and frequent waterings, 
and further trials are being carried out with full sullage water. 

The sequence of rotation which is being foilo\^'cd at the present 
time is maize, oats and thick cane. These are always in great demand 
in the neighbourhood of large towris and are good paying c rop.s. 

In conclusion, I would record my appreciation of the valuable advice 
.and assistance given by Mr. Stewart who has been in charge of the .agri- 
cultural part of the work and to Pandit Lai Chand Dharmani who has 
been largely responsible for the chemical part. 
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EXI'EIUMKNTAL sullaoe farm, ly allpur 
Table III. 

Comparison 0} this year's yM with last years produce. 





V IP 111 

in sr. 

Increase 

Per cpul. 

Ratio 

Rejiakks 

N'!. of 
i'lilt 

Ticatinciit 

Arp a 
ill acie!« 

This 

year’s 

J,ast 

year’fl 

or 

decrea* 

or 

decrease 





1918-19 





1 

('Illy , 


1G9 

2Li) 

01 

58 

+ 108 
t T57 

+ 177 

+ 296-2 

2-77 

.3-96 


A 



2u-r. 

60 

+ 151-5 

8 252-0 

3-53 





IS!) 

02 

{127 

+ 204-8 

3-05 







-t 106-5 

+ 133-1 

2-33 


6 



181 

57 

-i 84 


2-47 




(]0425 

I75'2r> 

00 

+ n5-2:. 

+ 192-1 

2-92 



Caiiai. 

0-05 

184 

55 

i 129 

-i 234-G 

3'35 




220 

75 

■) 145 

+ 19:)- 4 

2-0.3 


1(1 


0-0 r> 

‘220 

70 

]- 160 

+ 228-6 

3-29 


fs 

a-(ir» 

217 

62 


+ 250 

T92 




fl-f5 

1C5-5 

80 

+ 79-5 

+ 92-5 


1' 

i;i 

1 Scwaj^o, i 

0 042.'. 

188-2 

66 

+ 122-2 

185-2 

2-85 


14 


nor. 

210 

61 

+ 156 1 

+ 288-9 

3-89 



005 

222 

.57 

+ 165 

+ 298-5 

3-89 ' 


Hi 

ri M 

0<05 

2:_[4 

50 

■i 175 

+ 296-6 

3-97 



0-05 


05 

+ 157 

+ 165-3 

2- 65 


IS 

2(t 


0'(i5 

217 

1:12 

+ 85 

+ 64-4 

1-64 


riu^vagti only. 

n-OA 

171 

206 

65 

56 

+ 106 
+ 1.50 

+ 163-1 
+ 267-0 

2- 63 

3- 68 



0-05 

2-22 

89 

+ 151 

+ 149-5 

2-49 




o-or, 

1 1)6 

04 

+ 102 

+ 108-5 

2-09 



11 ri 


218 

124 

i 89 

+ 71-8 

1-72 




n-t'S 

177 

188 

— 11 

— 5-8 

f) 94 



Table III {«). 


r 



1 



1 

C’nmpariaon -with 



vip|<l (in sr.) it area were 
0-05 iu-re 

Relative -jiukls | 

last year s 
. crop 


Treat incut 








Per cent. 

REM.tltkS 


liiain 

ami 


Straw 

iu<l 

Grain 

St raw 

Katin 

ilKTCUSC 



si t a W 



St) aw 




crease 


Swall plots:— 

184 5 

63-:'i 

121-16 

i-nti 1 

1 

1-08 

3-02 

+ 201-95 


paled. 










j canal y i 8e-- 

198-62 

63-9 

134-78 

109 

1-009 

1-2 

2-97 

+ 198-53 


ivapp. 



1 







i (.'anal i j 5e- 

-220 ■:) 

64-5 

156-0 

1-21 

1-019 

1-4 

3-15 

-f- 514*0& 


nagp. 







* 



be w age only 

107-5 

,57 21 

140-20 

I'Oso 

0-9 

1-24 

2-26 

+ 125-S 


Rig plots 

V anal itri- 

187+3 

65-6 

122-13 

1-03 

1-034 

1-09 

2-205 

+ 100-3 


gated. 










1 ( anal +l Se- 
wage. 

193-5 

75-75 

117-75 

1-ne 

1-19 

1-95 

1-45 

+145-0 


1 t anal -1 4 Se- 
wage. 

■ 182-0 

69-5 

112-5 

1 

1-09 

1 

T65 

+ 65-5 


Sewage o&iy 

198-25 

72'0 

m'is 

1*09 

i-u 

l-W 

1-43 

+4a‘fi 
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Table IV — concld. 
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EX?KTIIMENTAL SUT.T.AGE FARM, LY ALLPUR 

Table VH. 




Maize fodder crop sown on 4fh April and gathered on 19-28th June, 1923, 


No. of 
plols 

Treatment 

Yield of 
green 
fodder 
per acre 

Total nitrogen add- 
ed in irrigation 
water lb. per aern 

lln.’ir.xnKS 

7 

Full siillapc , 

.Mii, sr. ch. 

283 20 n 

^24-4-23:— l-62^ 

) 2-5-23 28-87 f 

1 29-0 23 : -29-96 ( 

( 8-0 23 28-60 J 


8 

Canal 

19-t 23 5 

f 24-4-23 :— 1-G2 ■) 

5 2-5-2.}: 1-38^ ^ 

; 29 5-23 : - 1-86 t 

C 8-6-23:— 1-62.) 


0 

oO per cent. Jiullage . 

158 23 5 

,-24-4 23:- 1 02^ 

\ 2-5-23 :-16-04 / 

) 29-5-23 10-25 0 
(. 8-6-23 19-27 ; 


10 

Canal . 

125 20 0 

f 24-4-23:— 1-62 ^ 

) 2-5-23: - 1-38 ( ... 

1 29-6-23 3 -86 ( ^ 

C 8-6-23:— 1-62; 


11 

25 per tent sullage . 

157 10 11 

/ 24-4-23 :— 1-G2 ^ 

) 2..5-23:-l]-90( _ 

; 29 5-23 10-71 t 

C 8-6-23:- 7-05; 
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Table VIII. 


Whmt 102S-24 — grown on caml ivater. Yields per acre. 


— 



IVeiiilit of 




No. ol 

{■■U'tP 

each 
plot ill 

Troatinciit 

blind Ics, 
straw amt 
ginin 

Weiglit of 
Riaiii 

(if 

straw 

Rrmarks 




Md. sr. oil. 

Md. sr. ch. 

Md. sr. ch. 

Pigiirc-s in ifalit'R show 







the relative yicMs 

- 

0-2 

mill 

75 d7 8 

24 1-2 8 

51 25 0 

in each mliitun. 



t-44 

1-2S 

1.55 

'i'he eiop M':is grown 







on eaiint wafer nione. 



<'aual 

•70 :J7 8 


48 12 0 

Wlii'rtf sown on lOth 



l-S;-, 

119 

1-45 

Nov. 1923 in plots 


0-2 

50 per cent. . 

85 5 0 

29 0 0 

56 5 0 

7-11, Wheat sown on 


H2 

I 31 

1 6S 

21st N’ov. 1923 in 
jilots 1-6, Whe.U 




0-2 

(aiiftl 

74 ;:o 0 

22 ;S5 0 

51 35 0 

harvested lit the 1st 



1 i2 

12i 

1 55 

week of May 1921 


0 2 

25 T)cr cent. 

S9 17 8 

28 35 0 

tut 22 8 

In plots 1-11. 



1-70 

z--;2 ' 

isl 

Inigatioii given on 

j 

0 2 

(,'aiinl 

o7 07 8 

18 38 12 

48 o.S 12 

15th .Jannai'v 1924. 



1-2'J 

roo 

147 

! 

iTfh ^rareh 1924, and 
Sth April 1924. 


7 

015 

I’ull 

To tJO 11 ^ 

23 0 0 

50 311 1 1 ■ 




1-40 

l-n 

'1-52 '■ 


8 

015 

Cdiial 

52 20 11 

19 10 0 

33 10 11 




100 


l-(H) 


9 

0-15 

50 per cciil . 

72 20 0 

21 36 11 

47 23 5 




US 

1-31 

lii 


10 

0-15 

(anal 

55 23 5 

19 10 n 

36 6 11 



IOC 

102 

i-OH 


11 

0-1 r> 

2a per cent. 

70 20 0 

21 35 0 

45 25 0 



13i 

1 31 

i‘37 



Table IX. 


Comparison of the relative yields 0 } wheat crop 1923-24 from different 
plots with orighial relative fertility yields of the plots. 




Original 

Relative vicld of wheat 



relative 
vipld,8 
1918-19 
(grain and 


192^24 crop 

No. of 
pilots 





'rroatiiiciit 






straw) 

average 

Total crop 

Crain 

Bliusa 



of 3 crops 




1 

Full . 

LOO 

144 

L28 

L5o 

2 

( Canal , 

LOO 

1:55 

L19 

1-45 

3 

50 per cent. . 

Ml 

L62 

1-53 

L68 

4 

Canal , 

L2;) 

142 ' 

L21 

1-5-5 

5 

25 per cent , . 

]-52 

L70 1 

1 52 

1-81 

6 

Canal , 

Lf.i9 

L29 ! 

LOO 

1 1-47 

7 

Full . 

LSI 

L40 

L2l 

L52 

S 

Onal . 

L78 

LOO 

1 02 


Q 

50 Tier cent. , 

L52 

L38 

i:n 

1-42 

]0 

i Canal . 

L35 

LOO 

I -02 

1-08 

11 

25 per cent. . ' 

1-2,5 

L34 

L31 

L37 





PUBLICATIONS OF THE IMPERIAL DEPARTMENT 
OF AGRICULTURE IN INDIA 


TO BE BAD B'EOM 

THE MANAGER, GOVERNMENT OF INDIA CENTRAL PUBLICATION BRANCH, 

8, HASTINGS STREET, CALCUTTA ; 

THE OFFICE OF THE AGRICULTURAL ADVISER TO THE GOVERNMENT OF 
INDIA, PUSA, BIHAR; 

AND 

ALL AGENTS FOR SALE OF GOVERNMENT PUBLICATIONS, 

A complete list of. the pahlications o£ the Imperial Department ol Agriculture in India 
can he ohtained on application from the above-mentioned. 


Tliosu iHiMieations are : — 

1. XIic Agriculiural Journal of India, A Journal dealing ^vitL suLjcet^j eomiceted vitli agricultui'al 
lH (jcitnomks, field and garden crops, economic plants and fruits, soils, manures, methods of cuUiva- 
^ tiou, irrigation, climatic conditions, insect pests, fungus diseases, co-oixjrativo credit, agricultural 
cattle, farm, implements, and other agricultural matters in India. IllustTations, including coloured 
\ plates, form a prominent feature of the Journal. It is edited by the Agricultural Adviser to the 
Covernnient of India, and is issued once every two months or six times a year. Au wiwiJ. iS’ttf»acr?p- 
tion, Rs. h or 93. Gd,, including ixistage. Single copy, R. 1-8 or 2s. 

'2, Scientific Reports of the Agricultural Research Institute, Pusa. 

!}. Antiual Review of Agricujlurai Operations in India. 

4. Proceedings of the Board of Agriculture in India. 

0. I’rcjccedings of Sectional Meetings of the Board of Agriculture. 

<3. Memoirs of the Imperial Department of Agriculture in India. 

(а) Botanical Series. 

(б) Chemical Series. 

(c) Entomological Series. 

(d) Bacteriological Series. 

(e) Veterinary Scries. 

(. Bulletins issued by the Agricultural Research Institute, Pusa. 

8. ludigo Publications. 

9. Books. 


The following are the publications of the last two yeaw i— 

Scientific Reports of the Agricultural Research Institute, Pusa (indudiug the Reports of the Imperial 
^ Dairy Expert and Secretary, Sugar Bureau), for tho year 1922-28. Price, R. I. 

SciciUmc Reports of the Agricultuml Research Institute, Pusa (including the Re ports of tho Imperial 
Dairy Fixpert, the Physiological Chemist, and Secictary, Sugar Bureau), for the year 1923-24. 

Pnee, R. 1 or l3. Sd 

licviow of Agricultural Operations in India, 1921-22. Price, R. 1-4. 

Ke\icw of Agricultural Operations in Lidia, 1922-23. Price, E. 1-10. 

mccedm^ of the Board of Agriculture in India, held at Bangalore on 2lBt January, 1924, and following 
days (with appendices). Price, R.I. 

D 



Agricultural Publications— 


PiTiccedings of the Cattle Conference, held at Bangalore on 22ud and 23rd January, 1924 (\vith appej,,;; 
ces). Price, As, 9. 

Ue|)oit n{ the Proceedings of the Fifth Entomological Meeting, held at Pusa, 5th to 10th Fchn-,''- 
1923. Price, Rs. 9-8. 

Proceedings of the Second Meeting of Veterinary Ofliceis iu India, held at Calcutta from 2hth Felirus. 
to 2iid March, 1923 (with appendices). Price, R. 1-12. 


MEMOIRS OF THE DEPARTMENT OF AGRICULTURE IN INDIA. 
Botanical Series. 


Vol. XI I, No. II. 

v.d, xir. No, III. 
Vol. XII, No. iV. 
Vul. XII, No. V. 
Vol. XHl,No. I. 


Vnl. xm. Nil. II. 
Vul. X III, No. IIL 

Vol, X III, No. IV. 
Vul, XJ II, No V. 

Vol. X 111, No. vr. 


I— History of the operations against Bud-Rot of Palms in South India. 

II — Inoculation Exfieriinents with Phytophthora pahniima Bull, on 

^abdlifer Jann. and Cocos nucifera Linn., hy W, McRae, m.a., n..sn. pH.' 
R. 1-4 or 2,s. ' 

Studies in Inheritance in Cotton, T. History of a cross between G. kerbaciiin; 

G. Negkclum, by G. L. Kottub, M.Ag. Price, R. 1-4 nr !,<?. M. 

Studies in Indian Oil Seeds. N'o. 2. Linseed, hy Gabriiolle L. C. How.is^ 
M.A., and Abdub Rahman Khan. Price, R. 1-4 or 2s. 

Stiidie.s iji (iujarat Cottons, Part II, by M.aganlal L. Patel b.-\u p,.:, 

R. 1-12 or 3 ,l 

Studies in Indian Tobaccos. No. 4. — Parthenocarpy and Part.henugeiio.<is i[i;V. 
varieties of Nimtiann I'abacum \j. var. Ciiba and var. Mirodnlo, by ( '.uiKihn: 
L. G. Howard, m.a., and Kashi Ram. No. 0,— The Inheritance of (.liarartt^^ 
ill Nicotiana rusiica L., by Gaebielle L, C. Howbad, m.a. Price, Rs •> - 
25. flf/. 

The Wilt Disease of Safflower, by S. D. Josni, b.Sc. Price, R. 1 or l.s. iUl 
Studies iu Indian Fibre Plants. No. 3. On the Inheritance of Chaificti-r. i. 
Bibiscus Sabdarijfa L., by Albert Howard, c.le , and Gabrieli.}; 1. 1! 
Howard, m.a. Piice, Rs, 2 or 35. 

The Mahali Disease of Cbconuts in Malabar, by S. Susd.araraman, m.a.. li’.; 

T. S. R.vm.akrishnan, b.a. Price, As. 12 or 1 5. 

The Eradication of Cyperus rotundiis ij. : A Study in Pure and Applied 
by S. B. U.iNADE, B.Sc,, and arranged and written by W. Burns, d.S}-. -.I 
the jiress.) 

Studies in Diseases of the Jute Plant. (2) Macrophoma Corchori Saw,, bv F. .J. I 
Sjfaw, d.sc., A.B.C.S., E.L. s. Price, As. 8 or 9d, 


Chemical Series. 


Vul. 

VI, No. 

VIL 

Vol. 

\T, No. 

VHI. 

Vol. 

VII, No. 

1. 

Vul. 

VII, No. 

IL 

Vul. 

VII, No. 

IH. 

Vol, 

VII, No. 

IV, 

Vul, 

VII, No 

V. 

^ui. 

\'ll, No. 

VI. 

Vol. 

VXI, No 

Vll. 


Chemical Studies on SafiloAver Seed and its Germination, by V.A, T.aMIUM:. 
M.Sc., M..4g, Price, As. 10 or l5. 

Note on the Permanent Manurial Plots, Coimbatore, by Roland V. Nuiiir^, 
iLSc, Price, E. 1-4 or I 5 . 9J. 

A Note on Hydrocyanic Acid in the Buima Beaji {PJiaseolus lunatu^, sp.), 1; 
^ F. d. \Vartii,m,sc,, e.Sc. Price, As. 12 or Is, 

Siuclics of an Acid Soil in Assam, 1 1, by A, A. Meqqitt, b.sc. Price, As. 1- o:I;. 
A Preliininaiy’ Note on the DecnniposiUon of Galcium Cyananiide in Soutii 
Soils, by Roiand V. Norris, d.sc., f.i.c,, B. ViswANATitand C. V. R.vM.isw.tV! 
A Y Y AR, L, AC . rice, As . 1 2 0 r 1 5. 

Some .Dige-stihility Trials on Indian Pbeding Stuffs, by P. E. Lander, m.a , u s- 
^ A.nc,, and Pandit Lal Chi and Dhabmam, L.Ag." Price, As. 12 or 15 .’ 

'1 he Buffer Action of Some Bnnna Soils, by J. Charlton, M'.Rc. Price, As. li 
or Is. 

Studies in the Chemistry of Sugarcane, 11. Some Faotoi-s that detcrniiiie tif 
ripeness of Sugarcane, by B. Viswanath, f.lo , and S, Kasiiinatha Ayv-u:. 
B.A. Price, As. 8 or 9d. 

Ihe Phosphatic bTodiiles of Triclunopoly and the availability of Hour Pl.'isplw*'' 
as a Manure for Paddy, by Rao Sahib M. R, Ramaswami Sivan, b.a., wp- 
Agr. {In Iht press.) 



Entomological Series. 


I 

j 

i 


VI r, No. 
VI r, No. 


XI. 

XII. 


vir, No. xiii. 


"'“'4 in . 


,1. VI II, No. 
,[. VIII, Nos. 


IV. 

V— 

IX. 


bI Vtit, Nos. X & 

; XI. 

^!. VIII, No. XII. 


Studies in Indian I)ermaptera, by MoitOAN Hebaed. Price, R. 1-4 or 1 a. 

Further Notes on PempkcrM affifiis, Fst. (The Cotton Stem Weevil), by 
E. Batj.ard, B.I., F.E.s. Price, R. 1 or 1a. 4d. 

An Account of Experiments on the Control of Siga {Sclioenobius) incerklhis in the 
Godavari Delta, by 10. Ballard, h.a., f.e.s. Price, As. 14 or 1a. 4(f. 
Hydrophilidoe of India, by A. i>*Orchymort ; An Annotated List of Ichneu- 
monidse in the Puaa Collection, by G. R. Dutt, b.a. ; A Second Note on Odo- 
nata in the Pusa Collection, by Major F. C. Feaseb. Price, R. 1 or Is. Od. 
Notes on Indian Muscidse, by R. Seriok-White, f.e.s. Price, As. 12 or 1a. 
Papers on Indian Tabanidae, by P. V. Isaac, b.a,, d.i.c., m.Sc., f.e.s. ; Two 
Drosophilid®, from Coimbatore and a New Aphidiphagoiis Fly, by J. R. 
Malloch ; Notes on Indian Odonata in the Pusa Collection, by Major F. C. 
Fraser, i.m.s. ; On New and Old Oriental CiciiidelidEe, by Dr. Walther Horn. 
Price, R. 1-4 or 2-?. 

Papers on Indian Tahanid®, by P. V. Isaac, b.a., d.i.c., m.SC., f.e.s, ; and 
Some Indian Species of the Dipterous Genus Alherigova, Rondani, by J. R. 
Mallocu. {In the. jprB.<!A.) 

The Nim Mealy Scale {Pith-iyiaria maxiyna. Green), by T. V. Ramakrishna 
AyYar, B.A., F.E.S. {In the press.) 


Bacteriological Series. 


ot. n, No. 


I. Nitrogen Fixation in. the Punjab, by P. E. Lander, d.sc , A.i.e., and 
Bark AT Alt, L.Ag. Price As. 8 or lOd. 


Veterinary Series. 

W. HI, No. VI. Nasal Granuloma In Cattle, by V. KrISHNAMURTI Aytar, i.v.s. {hi. the piress.) 


Bulletins issued by the Agricultural Research Institute* Pusa. 


jlo. 14 1. 



Comparative Manurial Value of the whole plants and the different parts of Green Manures, 
by N. V. JoSHI, B.A., M.SC., IvAg. Pi’icc, As. 6. 

The* Cultivation of La-c in the Plains of India, by C, S. Mirra, b.a. Price, R. 1-8. 

Ber {Zizypkus jujuba) Fruit and its Fly Pest, by J. L. Kiiare, r.E.R. Price, As. (!. 
Obeervations on the Morphology and T.ife-cycle of Filaria rteoinhla Gras.si, by M. Akakt 


Narayan Rao. Price, As. 6. • . . c n 

Some Observations on the Barren Soils of Lower Bari Doab Colony in the Punjab, by b. M. 

The Prevention’ of Nuisances caused by the Parboiling of Paddy, by J. Charlton, 
B.sc., A.T,c. Price, As. 5. 

List of Pubiicalioiis on Indian Entomology, 1022 (compiled by tiie Imperial Enloinologist). 

The Relative ReRponsibility of Physical Heat .incl Micro-organisms for the Hot Weather 
Rotting of Potatoes in Western India, by S. L. A.irekar, b.a., and J. D- Ranadive, B.Ag. 


rnct?, ns* u. 

A Study of the Factors Operative in the value of Green Manure, hy B. H. WiLSOO.s, b.a*, 
i.E.s., P. E. Lander, m.a., d.rc., and M. Mukai^d Lal, l. Ag. Price, As. 

The Improvement of Fodder and Forage in India ( I’apera read before a Joint Meeting of tlie 
Sections of Agriculture and Botany, Indian Science Congress, Lucknow, 1923), edited by 
Gabktellb L. C. Howard, m a. Price, As. 15. _ - c ,, 

A method for the Accurate Determination of t'arbouio Acid present as Carbonate in Soils, 


by Phant Bhusan Sanyal, m.sc. Price, As. 2, 

The External Morphology and Bionomics of the Commonest Indian 'lick {Hyalomtna 
iHjyptmm)^ by Mohammad Sn.ARTF, m.a., f.r.m.s. Price, R. 1. 

Tamarind as a source of Alcohol and Tartaric Acid, by 11. N. Batham, m.a., and L. S, Nigam, 
L.Ag. Price, As. 3 or id. 



Bulletins issued by the Agricultural Research Institute, ^ua&~concld. 


\o. 1.34. The BioDOinics of the Sarcopio Mange Parasite of the Buffalo with some obscrvatioiiji 
eeraing the relative power of resistance to adverse conditions of the different state* 
the Acarus and of its egg, by T. M. Timokei", M.p.c.v.s. Price, As. 2. ^ 

Xo. 1 j; 3. List of Publications on Indian Kntomology, 1923 (compiled hv the Imperial Entomulopw 
Price, As. 11 or 1.^. * 

.Vo. 150. Mud and Moll Shedding in Cotton, by O. R. HtLSON, b.So., V, Ramakatha Ayyak, L i 
and R. (hiOKKALrxoAM Pillai, L.Ag. Price As. 14 or la. 6i. ' ■ 

No. Io7, The Experimental Sullage Farm, Lyallpur, by P. E. Lakdee, m.a., d.sc. 

Price A.S. 12 or 1^. 3d. * 

No, 158. A New Fodder (Siloed Shisham. Leaves) for Dairy Cows, byP. E, Landkr, M.A., d.sc.,ai( 
and Lal Chand Dharmani, L.Ag, Prioe, As. 6 or Sd. 


Indigo Publication. 

No. 12, Indigo Experiments, 1922. (1) The effect on produce when vatliquor is allowed foata 
in the beating vat and beating is delayed ; (2) The effect of neutralizing the liquor nil 
caustic soda before beating by J, H. W alto if, m.a,, m.sc. Price, As. 4. 


Boohs. 

Wheat in India, by Aldert Howard, m.a., a.h.c.s,, r.L.s., and Gabrielle L. C. Howard, m.a, Prki 
Rs. 5 or Is, Cd. 

A Description of the Imperial Bacteriological Laboratory, Mukteaar ; Its Work and Product b, bvMAH 
J. D. E. Holmes, m.a., d.so., m.h,c.v.s. Price, As. 8 or 9t/. 

Agricultuie in India, by James Mackerna, m.a., i.e.s. Price, As, 4 or bd. 

.^oine Di.Bcast's of Cattle in India. A Handbook for Stock-owners. Price, As. 8 nr 9J. 

Report on the Diseases of Silkworms in India, by A. Prikgle Jameson, d.sc. Price, Rs. 3. 


Notice. 


-All new publicatlona arc included in the above list and arc regularly posted to all on the mailing liJ 
soon a.s Lssued. Unless compla ints of non-receipt of any publication are received by the MaoajH 
(lOveiiimi'ut of India Central Publication Branch, 8, Hastings Street, Calcutta, within six montit 
<u the date of issue, duplicate copies can be supplied only on payment of cost and postage. 
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